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A D&ef- vector nriachk^ie indudes a host processor ari<i a hamwjred pEp^tsrie soceierator Th« host 
proco^sor oxecsjtos a pirogram, artd, in re$:pOf^$o to the pmgram, genemms hct^t dma, arid the 
0ipeii!'ie acceferator gsf^erates p!p«|;ne dat^t from th© host data. Altefrfatively, the p^ipeStr^e acce[e?ator 
gsnefates the pspelme data, and the host proces&of generates the host dala tfQm 4h« p^peiiftB data. 
Because ths p<^«r-v«jctof mechent^ tndi^des both a proossscf arid pip^^in^^ accelc^fsior, it Cisn often 
pmcsss data mofs efficiency than a f??3dime that jndutfes only pmcessors of miy accelerators. For 
$xa?Tiple, 0!ie can desi^ji the peer-v^tor machine so that the host procsssof performs ^Secisiori- 
making and rsoii-malhemiaticaJly mtensSve operations an^i ti^e acoeSeratOf perforrns rK5n-dedsfor>- 
mskin^g and math^matsca-fJy fi^tc:n:stve operst^aBS,; By shsfting the jT5a:th^mati<:a-ffy mlensivc operations 
to $ho acce^??mtor, the pe^sr-voctcr m^ichio^ often can. for a gpvi^n dad< fr^quesicy, process, data at 3 
speed thai syrpassss ihB sp^^d at which a prooessor-oi'siy n^achin:© 03:f^ prcK^ess th-e data. 
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(57) Abstract: 

A pip^liric accelemtof includes a memory anci a hardwired^^ 
p^pel1t>e circuit coupled to the memory^. The hardwired- 
ptpelme dtxmt Is operable to receive data, load the data into 
the memory, retneve the data from the memar\^ process the 
retrieved data, and provide the processed data to an external 
souj-ce In additmn or h) the alternative, the h<jrdwired^ 
pjp^jjji^ circuit is op^riable to mmm dm^, proems tb^ 
rec«i!v«d data, load the processed data itito tti« memorv. 
fatrleve th« process^^d data from the memojv? ^^'^d provide 
the retrieved processed data to an external soiirce. Where 
the pipeline accelerator i$ coupfed to a processor as part of 
a peer-'Vector rncichine> th^ rf^errsory facilitates th^ transfer 
of data - whether unidirectional or bidirectfonal - between 
the hardwired -pipeline cjrcu?t(s) and an appNcation that the 
processor executes. 
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- 9 » 



3)<iM^-m ^-^m fisi^iii ❖•€t!-^^--i-. }S'h,#ji ^^ti^i-b ■a-'^i tHtfi- i-iis^i ii^?i*>i 

"FI^OGKAMMABLE CIRCUn' AND RELATED COMPUTING MACHINE AND MSTIiOD" tl ^iOf 

i=i 41- v^il* fi|m(80>. s|o| K^ «|-S-,«K92) <>K..S?.e|(52)fe ;4SS.(<l:;«.sgMer caniO^-r 

t1# f lf£|(.?^AlS|.x| tai*.,?^. lit 4^ Site ^#*lmeKl"^>Ux Si^^!|5j|(t;:A|S|-x| ^ 

f^m n^mB2)w mn^. ^'>\m<i\ n^^-imt; ^o]m'^ n^^-^ ^-^m^ b-i? ^i-^^^is 

-r#»lfe CLOCK tmil 'r dfi'::!. 4<>lHiiKl ?i^llimO)lS CLOCK # 

Si^UK)6).4 j-f i^l'^H ::U:iC -tca^j-i t-sl #H.4'->if>lH .#<^lHi!HK74j--74,.?i> *S pJl^ieiii- ^?|# 
t^i .5£M(iOj?)?l- xf-K^>| 514. >=l<>l«i| •^l^* ?m 444 ^'>m t^sli: f^€ «f4ti ¥ m s.mM 44te ^• 

7! 3#olHg^<>K745-74,j4 DPSRAM l-tt -^7] tllJ^3^|o]«i^(82)7!- DPSRAM 

7] ll'lt >J|'4 t4. l£.^:'4E H.il.*|4<42)4 4«U^¥'i5i i'lP>U1# »l^J!47i DFS!MM(100)# ^^aH- 
#71 4<>! H 44(74 j"74,Joi .A|<iL4':ii -t^l^ ai- t7i SfcH f s^l^Hfe- 4:4 <?144 

«K7l mm s^r4 :i^4-44 *I4 '';:«7i« <U4 tSlolHlH- 47] s|^>l.i:?.i;l^^]<74,---74^)-A.<;i ^- 5d4, 444Ai, 55|r;,|.is gi<^j 

(74^"74,,)^- ^l^oiBi~.4# t!4* €ii-47| fl^l -^4 ^'i^'ilr ^14 "44" tl4 4^ S14, 

#44:>«, #«l 0PSRANJ(JO2Hfe- *4 mum ^7] 4.H^<J'I4H .4»!H.4<?jC7<P~?4„)<>...HS-¥'4 !i*>141 -t- 

447] ?ifi 44 MSl(iio)4- E,444 4.ai. #4 4K^44-A{8g)-i- 44 -^4 .^^-^.■^1 5^.3- ,^i..<^:(42)( 3)4- 44 4*1 
«i B?)o|e|# ^rf-44 4 4 #4 J-ii4ii2)4 ^444 44. 4;^i 444 44 44, 4;'i -4 m '144 J-M(ii(X4 
4> ^ n2<#4»4 #4 DFSI?AM<i02) ^m-^ ^4411 4#^fe « Jt#-^# #7fA|7|a, -^4 4444*11 
<T4j~74v,) ^oWm ^n-^n 4-^ DPSRAM4.02)1' A|-§-#te ■jUi 47] 44 ■'^ 4o|i£4t!«] M^m^ '#'4 
■^<^.m. %y'm'>i f-44-^-4 4=^4 4, 44 4«l H 4 444 74^,,) 4 t^] ^4>4?- S4:' ;:4f:^ 4'>4^ :;4>i4 444 4^4 
7! 4«i 44 4'SP-4'^i4 ^^147|i |76)|| .^iti- <^q]7p- M:>1 -^in sP>|m 4444 44CpubH;>h)4 44. ■I-I-444. 4 
7| #fi~.!;i|.::|vr:| 7i,ayKt26)4 444-44 444 4i«.44 44 44 44.?i44(74;-74,A4 44 "tf^i" M4 44m. 
=g.^t 4 44. 

4-4 DPSRAM(]04)4t;- 44 4(84) i 4^1 44 4;a444.a 4<^l££44f74 5-44.Ji>5i44 4''144 444?] 44 

44 Sl^K 104)4. 44 4 4.3A 44 44 44 47] 44s444^.m. 4 4*!4« 444 MMn *I4 44 i^mimn 
,3^444 44. DFSRAMCi0a>,<?-.j-44 444 4'^l 4o|i;|# *^i^:itj].te 4s-4, 44 44h44(74, -■74,j4 4 4444 

444 4444 44 5^I4€, 4, #4 ^44# 444asi 44-t 4.A4 44 4 44. *lt- 44. 444 

44(74)4 ?i^l 44«£44(74g)4 4"^ 7ij2 4om44ol! 44 47^444- 44 ^4- 444» 4 

4ef-4. 4?] 4,i 4«>]J£444 47] 42 4«>4£444 44 4444 i^l44 4 44 4>1 44 4444 444 
<>..iii. 444 4-a4 44-. 44 SPDRAM(:104)4 »i44 44 44c:^:^4 4444. 44 444 «!-4 44, 7p] 444 
.HM.(i 14(44) SI n6C#4))4 44J£44(T4v-7444 DPS.RAM404) 444 444 4-#4 4^ ll &#4* •i-7>4 
44. m^, ?il'i44 #^ dpsram404)1- .^#44^- 4^- 4-4 DPSRAMdoa M i02)7|- sHoiei-n^ ^ «^fl44~# 
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:'| JS|su8(j)|r e.^?} -t^l DKRAM{100) 5i DFSR^VM(102) f- <Hi^ Site f- ic-f-7l- 

DPSRAM<i04)?|- :f 4- 4^% 5S|<>] JSfi|^»|<74^...74^^).^. p^^^^^ 4^ 

Site -I <''H; Site f ^l':>|ae>t! ^s'- ^^'^ Xlt- tsi 5a4. 

Si. 5-i :s|te te-^! tet;i'^'->i-^'482)^)te ^HV-Hte sl.^^ ''-I'ieHi is). ::^!^i|7H i20), irsf- .-i e| 

?g >il^t-<->Mli: #(122.124^ t-^5l~«ii<ii^^ ^leis'icim 3i t^h^ii^lK^ ^ #{igs.i;K)i-n a^-l-. 

yH, 122,1 24. 128 130)4- frSl-*! Sa|^?|<>| o|-t f a| #4 sjvte ~l '>l-t<lte -^Mi #(Sv4*}4 

i^ite #4 ^14. 444, ^1^1^44 4 ^i(s)4).4 sf4«rBi €4te € 

^i4te -f-^l tl44'>lA(82) 4i^l4 *1'44 4:4 4H!4(nB)te 4^444 44 44. 4tl~3^-]r 4^ 4els^4;-49l)|| 
■4-^l 4'^K^?.44 ■?i-4(78)4 4 4444. *l 4^^1(118)4 4444 44 44.S?i4'?! 4:^^,(60)4 44.S?^44! 4M(B0>44 
4'-i^-l ;i44 ^n?! 4.S-.4 44. 4f 4'.- ?s V-. 444 ';4n] !.8)4^.:- 44^4^^(93)4*4 »44, 

4:^144 4.dx(S())4 4sHI4 ^!4«- ^444 #4 4^i4(lia)« 4^444 #4. ^4. 

^^-^omi 444(iS0)te -t-^l ^M-M.-^ 4'«44.ia)jii¥-4 tsj*>jgj# ^m^i, 4 5||44« 44 i£M(:j.06>» # 
4 DPSRAM(lOO)itJL >a?s43, 4 -'I 44.-;;iloS^rJ <f|-(j.22)44 4<>r^i 4 4444 ssfo|K:| All^m .?£45;|1- 4444 
44t4. 44 ^-n 4»i44 ,Hs^44(42)(?iv 3)4 -tte 44si444 ^^1444 4*|si);£.(psyio5Ki)44. 4 
^~^o]«l 444(120)4 44 t|44» DPSRAMClOO)5t.5a ;?iiJE-44 m\ 44 ^'114 4^14 44 444« #^#€4. 4 
7\ 44--444 444420>4te 4"! 4441 0FSRA-M(1OO)4 44 aiH(i06)^a 444te 444*l-rf^Cl32)n .Et 
44 >ate4. 44 4«>!4te si i>t 4.^^44 *l -sHi 4444. 444^^^, #4 44-444 :44-1480)te 
44# 4443. DPSRAM(:iOO)i:?..?K. 4 ^41 444 mH,4 4 4!:'K 

-A|.7] 44-444 AieJ5'Kl20)te Si« 4-4 44"i£i? 4^ 4^441S).iii.^f 4 4€B# 444:54 4 41|M# 4?1 
44"4»iH mmm M?;-:-.%4. 

4-^! 4=^i-^l*|fc| 4 4. •■4 120)4te 4 44 4^>i4 Sifc: 44te.4 4<>|.s^44 «!i-fB0)4 44 44411 4444 
4 t «44U34)4i«L444 44. «l 4# 444(l34)te 44 444 Site 44 4€iS.« .Si44te 4444 44<s:^r 
X. 44)1- |^.A||v<>^M|, si4 4lia4 44l# ie4«ia4, ^4 ^4 444 Si4 4'im4 ir4 41(4, 4 
7] «ii44/'44B.4 4?^4 4ia444H. 44;a44(74:))4 44^^^. 4 444 44. 44 44 44"444 444 
420)4 4:^1 44«,44 4si{aO)4 44 4*! 44 444 SE-fe 4«^^=4 =^^44v|-4, 4-^l 44 444(134)^;: 4'1 4 
4-444 44.:'s4 44 4^44 4^>l4/4^iS» .SiH.44 444 4-K 44 44-44 44X40)4 4^! 44^^44 # 
4(78)4 a s^oiH.4^« *4 i- 4# t^44/4m4* 44^4 4si^ 4^-4(00(^ zm .«.#»!<>{ ^?1<^4, 
444(i34)te 44 44-444 *l4.:-4l20)i& 444 4-^1 .s^m4442)CSi 348- 44 ^^K^» 44-^ 

/44M)» 444te 44 444 1 44 4411 4^-4 444 444?^v4 

4:^1 444 444(!26)te44 44 -444 v^(iS3)4 44 444 DPSRAM(ia2)4 4i*i.site4 444 
tnsoiufe. ■^^^^^}.:,{, -yvi ..-j^i-s u|.>|u]t|. .•;47| ;;HJ"ji4 »Mx<-^14£i(il8)4 i--.:'-.::i .^.^ii.^li Mi-JVii^i 2)4 v4^ 4 
4 S&te 444 44m 4444. 4;'l 44-444 44;^Kl26)oi4 :s-S4ll2)4 4s}l DPSiMM(102)m4^^i ^^'l 4 
44 «44te <il4^!l42x(i3«>)4 .^#44 $14- 4-4 ^^.«8«»1^{l36>fe Si 7^ 4-Ji44 4s^^l 4^t4. 

-t7| t4-4«i4 4 £41(126)4 4^1 4«i.S'i 44(74, "?444 44 44€44"*14m 4(i30).i-44 *14te4 44 

4;« 444 441:14 44 44-S4 «IA 44441.44 44 44 ^Aiil .Eia44(42)(& 3)4 44 44 .Site ri «| 
44 4*>iig. 4#4.:^li;r. €4. 

Si4. #4-^144 :4 4^-1420)4 4 4^1 444 44«i 4 4'^! 4«.m» 4;M.^ia:i4*l.M.Csu!>scnbe)4te 44 
JJ^iixM H^^4(4a)(^ 3)4 4^xM«- ^4-4.3^ tl4 ^i.!t>.H'll4 #44(13B)4 :E#4^I 44. 44 #4- 

44^1 44:^14 4-4 4s?^m- ^l-§-sf4 44 441^ 44i8. ^m^m. 44 444 44 *il44/4«^- 



oj.al ^im-^i.* Sit;;. #71 JEtSHr t^S#,:il, s||ol£:i/«|>i3a ^11 

mm .DPSRAM(ioa:io2)s.iHi siioiBi* :*i^t«i-.H ^i^^^fHv- ;-i#<>] mm 'A ?l 
<>l S£#slo| iix! €^114^ 11-1- ^ t^s|-^^l*|is| ^^1 el 71(120.1 26)» 4-^#<^1 411 ^If-i- 

*]&(l44,i46):4 Slf ^fo! #7] Sl:J^<i.;':(I40J46}|-; 136)34 -I tl^^isif^h^^CHOfe M 

■tvl :^iM?1(B6}*i|fr Ajfi7. #e|:4(:l4S) f| #7|.S|- 150)7} Mfe^^l *:^|s4 ■t|E|.«{io]7,fe 

Sife t?c|(7|:^gsl-7:s ^t l^ sIHte, l-^^l a^ 'I '11*1 TIPELiNE ACCELERATOR HAVING 

MULTIPLE PlPBliNE UNITS AND RELATED COMPirnNO MACFffNE AND METHOD* 1} ^'^#«} mOf 
6B3,932iL&S 4»iHei'|l(74j~74p# 7|7i i§iii4# Hei:7|#fe SYNC ^IcS-* 

*-f f-K t;'! -i-'l^l tlsi3i*NMlso:)te SYNC ^jIJ^I t1lSK*l t^i sI'-H.^Si^l-^a Jsm.(80)l- Me47i«|.7U| svfe 

SJl'il H^q^lt-Kl. itn 1l«l-*1'(i»A WCl24).;i;,¥Bl<>| ■^lfiA.7j4&|.xH 148)1 f-#«H;: 

A|f^.7x ^|e!x|ci48)€- «(84)* :xl- tltli- t^l #H.si7>i*i.^:^^ 4<>Ui#tl(?4r--?4J# tv-^l* 

■H^l^^lilAS, .iS|-'7!,sr_i;|<vU74) ^c|vV-X j^j ® 4-7^«l4 ^^^>li£ ^1 ^^^^^ 1 55^1 11 ^€54. ■^|:^|el7|- 

i::: -ftHlte, 34<>lH«HK74)€ ~X i;|-l.i»¥|tA&7|^|#a). DFSKAM(IOO) tM-l-Bi t^Il '^rg.] .||. :^i:e|7|- 

DFSRAM(K)4)«-'1| ^I 7| ?l :>-| ^7] ;:?io|«1l xtclS}^ ^l^'IS"]* >t7§ts4, .f:-:X! e.l 

7K?!it.5y1fe «^Hlfe> .3|7lH.eHKT4)€- :(I4 i5$i'->lK-M DPSEAMCi02).&si .«-J-;-t-K ^71 -Mli^x ?N 

5i-(i48)fe 34»miif'ii(74j-74,.)^i -simiisi-3x -i-:^ ^i^^H ^^"^ -m<*\\n] ^^m^ 

««t t'l, 4'>m«Ki(74^-74.,) iymitmims>.Mm f-^n -m^ m- mn mi -41 4*>i 
H.mi(74p*i ^nn itn m snsshk7%)«] ^«iou, -t^i m ^<*mmim^}^\ 

^7] ^oVB.mi% ^'^m sji^JSj. .*|:.|i^|,4, el-asl :#oU^.sf?K?4)s] ^-lis :4olH«l'?!^^; «-^^-4i * 

f&li-; '51 )<1441::: fP* •^|-->]#S1 ;4l4:7| <>tci 7^^] ^Hl .a77e|.7| 5:rKi::;£«].oK74.-74.^)-& =#11 7^^^c;l.g. xt'>l 

«i'§-f|!:4fl -i-^l^^ll ia-i- « Ji. <-i lv. A|:^oi|.*)fe, Sh>|^ q-^ 3;|-o|iK«|.*^(74)«| DPSRAM(100)i^Jt 

^i£| tfoli?^ #A]oj| "m^"^^"^ lli- ^ t« ^si^fe, 

^■7\ 7;«j^,<; sH|7f(i48)A #<>l,^^:ef«!(74) i^¥4^^ Sl-oH? .ito]Het1i'>i !:4# 7!4A4>if ^^A7i-7| :j|o]| <>:!A> 

A|vi# tMiri.?!! fi-i:1v. a|3|.7i M%^, ilxiL^V( 14S)^r iJH>laK:!€(y4)^>i a •g'!?!!! ^?i.£lKr|Si# ^^l-'l*!! 

4lsi«i- iHr t^i-t tAl-* €4:. -ti^s^J^^^i^m, 7>|is.<>|.o]c>|« .4o|HeHl(74.---74,,) lit! * 

7|^# #A|#7l mi ^^)^* ^v-i .4«|H4li 4^ Vll^f ol] ^fl-SSj^i^ f^cK 
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4i>liS.sf<ii!^?] HM-4AK42)<^ii 4l5- ssi.^i s| ^;tA>, sKi- Bite Sync €:fe Si 

#(.124) aisi r.)«m^f =^m\ ^ay^ ^nt^ #4-. 

M*«- siJt^i^'i^.:^!^ vj§-;^ ^^ s>vi.?jfo^ '?ifi-€ ^mn *i toelinh 

ACCE1..ERA1X>R HAVING ^^I.^LllPLE PIPELINE l^NI'IS A?<^I> RELAl^Ei> CO^iPiniNCi MACIilNE AND MEl'liOD" 
<>1 «{-v>f Jf^lt f! .^n(¥0a2.9;i2:i.o| 4;|v^^,| 44 SYNC -tl^-b -t-^^R^ ^-'i'-Es^i-l 

M?^ 7]^^ 't- Sl^:}. r.tciM, *>|i,^ aj^H^I^'l syhc ^mi: >4**la.a|'?l ^MiCao)^1 ^-^ 

«i^n50) '^JthK^*>iK^ aiepi(i20))-i- 4#«l-;1 «MMfe *iJ^sh*>i«M ^1- 

^|^;si ^4o\t^. :&.yHS^Xl^^ :s^o]EM^ ■|f^(78),« M »:i|<>|Si^?| ||-$?M- 

]>PSRAM(10a).S?.^^-B| DPSKAM(i04)#?^ 4«^lHS|'?K74.,)^^ DPSHAM(lO'i)^1.^-5S| *^?| 

SYNC ^^^<H ^f^m2}^K74.)*>i mm^i dt.>sram(i.{}4)j^ ^^i- ^m-^mMim 

^ Aiti^, «im4{i48)-t ^<^\mm4zm ^^omem -^mB) n ^^^^ n<^]sm'^mi) 

0] l?^tfe^M- f-:i no] 'm. -rt^R- IHI -^Ifl^^^ «e|.:4(;MS)te Ki4»H:r SYNC 

A|f|,^, #e|:4M48)fe SYNC ^rf^^fe ^l€Ji,|| >t^1>i> m.«l «a4'^i<*^H. s|-<>|.E5|-?K74; -74,.);3l ?i 

Jill- JCv^xH ,Em.^-*|(42)(,s:-. 3)S4 i^'^yi. 4f-^?«|:='l5i ^l-cf. •^i f!r;^i ^4 x}{i.ja)te SVNG Y!Sl i*li^^]=-^~(130) !M 
t!M(SxA|si.5q ##.)^ f sii SYNC ^l^HMi. t'S|-o|>iB !f Ci30) S *>Mm« 

A. ^a|;4(J48)^,% 4«l2^4<?K743)o| #a| «u|t^l SYNC^.-^ s&t* #^ -^71 ^<^]om ^a. 

^1 t2p4(l4S5)te KR t si|oH3^| sllf-tfe SYNC i^fe oIlS^^S t^^a €'tt-S.iiL^ SYI^C ^ 

^ 5« ^Mm„ ^*>i«4?j ^-^am^ « ^ mm) mm. 
m ssji4^i(42)(5^ 3)4 mm ^m:ii, m -tmi- ^itsi ^ 44 nm^- mi 

(120M m^^M wl-W. 

«=K «ii m ^o]m<& ^^mmn mm mi n^m^i 

-^m no]n^ »tm=:i 2.(1 39)1- o\ em,(io3)# -t^ dfsram(ioo)s^i ^^isim ^mm^, ^ 

7| Y|«sP-t;i|«!&f Ai:,-l7]<120)^i- *||«P-es|e>itv| fKlKg) v^i^^l t||-g-S|te ■^lll^l .-t^i ^istj- t :.^r#*!- 
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r}-g-i>:<;i, .:t«i"«;i|o^E5i mi7Hi26hB mi"-im^ mi2m}^.^m ^^im m ^^^m ^Pii^-iir mm&h 

St<.m€?-<J| ^5|^x(S0)te ^lAixi 31SlH^i^x^(broadc«stmg)i: xi^lt^h f 
•^*i)?!'--K t*:^l-s^i<iBi .5^e|/Hi26)4 ^t^lir ll-faBi. .:if^.«.H!..^ •5f«|.-i /i 

«>l*i^l ^l-^a-^^ *>i'iBK3:{ii)%r ::^e|y](ia6)Ji.¥-sj:i ^*l^x -sl^ii^i^^l^x 

j5x.'>Pi S-^- %:|-¥- sf«|47> tHI~ii# 4.:^^ t!t.?-n^f!'*l.^x('9:!)'r >4*li:^.ePi! &|&(50)(m 

4«l 4^¥-Bi(5i))<il-^r-B| ^i;t,(5x 3cs| SSl4-^i4 t€: »l<>Bl¥&l t1§«)ll -I t^l ^iMiBII 

4#-S.JL -t^tl-i?!- «l;;x *>l'aEU:i.:{a)fe ^n ^7] m^m llil-sil^lBl :.*iei7| 

(120)^ ^tslfc m'S.^.<i. 
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#«>l. ^7] ^^M^^o^^ #^5l(78)B| f>|He|^i, mi J^fc- ^5^1 *>1€m 4<^I.Efi|'?|C?4j -- 

^ SYNC ^^^1 ^ 4^ tl4. 

t2l:4(l38)*r »i€J^=. <^i€H.ffi # x| s|<->^ .l-.>j^ ?^::3.ft] :t.,.>:,?is H 4 ■''K42))•i■ 

:i•1l&I^^K #^^^1 s^ioii^i i^ei'^ite -ii'il t ^£1- «-i«el(n.s)i^- ti-tl i£€ ^^^^ imm^l^^ioi} 

t ^ffl-tH ^^l it 3j|o| ffij:. ^|«.f ^#fr4. 

<-iSi»lm-H. sHiH^iftl sim.(ao)i?l tl^sl #(122)4 il# ~?-il-si;fcfe ''Isi ^i,«|;4{agH .<is-Hi- S:t&l;^lf|-4-. 44 

m Bj^nm-. <^*i mm ^-m^ ^ ^^mm m 

"COMPfiTING MACHINE IfAVIMG IMPROVED COMPUTING ARCHITECTURE AND RBI..ATED SYSl'EM AN0 
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^fW^I 10-2005-0068995 



4» 4t *i--^I^S sl^'i^l- Site- ^lf% *n *ll 'ite f its^ Jlfrsf«; fi-s|:4{{38).?i- ■*! 

S-i- #J&t4'a> s^>l.Sl2|'?l -SfbHTS^i?! Si 4l-'^!<>r:i- M^jIM- IHi DFSHAM * ,Ef «^|-fc :5i,fi.J?. 

^o-l tiAU-. »|Sls|(92)J:r f|oiE| ?|olM(QDR) SHAM 4 t & 4€- iril^^l '-^Hel fCl- J&tt 4^ ^14. 

<i42)fe vSi-^:lS^-«if>]H sff>lH.«H,U74, -74,^)^1 -^l DFSRAM{102)sL ^i-i'ii-l M-jJ^^r ^4^4 

^o|, tlKl-Sl^'I^HMa)^^! -i^Site s|^>l&l "^?|%'^ t- #,*iA|5?|;?iL} toijj, 4o|H.»|-t! S|S£(80K.H 5)7|- PUC^l ^^4% 

>::|.. o|.A|^^oj:t, *avl(ISO)'V^o| oHlHiAj II^JjSfiKE, >4# *| VldSO^- 1 5q,);a| 9.^4=. spgol tl#*^^l #te % * 

#1 <.is;vtf|;&# ^=^Al#wi, si}|<>|Bl5* o|?:?.4|,-||. s*|A.(162,4 364,)» 44 ■?l#Si->^l i;i4A£|(I66,)=>| i3^*|£-|si}- 
o]«:J|^>t Pl^Srol. FTFO(1.S45)fc e|-<?Kl66j>1t'^^ <iIi£e|-tK74^) WRITE FIFO V>JL, «!• 

^<i68j)# ^^n<^ CLOCK FIFO FULL e| tl(nOj)'9^Al 4'>l»4^C74jH 4# 

?K FlFCXl54j)fe ^^^^^ y^^?\U52)M,^-^ READ HFO-tlM ei-^(:l.?4,># •^^«l<*1 -mn*^ 

Frr'O EMPTY tliK-ll •*l^&'-€-4. .»:|JiMB0>(Si5);4 PLIC^?1 "i , »»|.^(J5B,. im^, 162^ ^ 164j)*| S'-l-'?! 

(166,. 168., I70p 172,, '^s! 174:)* ef^-f g:M^;:!.xl ^II^ A.a, -y^, 41^ 

?S^:=^|&&1(lS65)fc sll:7 <>me^^x/Gio| «| &( 178)1- 4 ^^ ^|.itN(IS(5a-- iS6,^):i'.¥ N s^l 

FIFO EMPTY READ FIFOSJ- SHIF-mX>AD aI^^.^ 52|#o^ ^oi?Ul52)fe- WPfrE DPSHAM 

pwoumim FIF04 %^ ■•t«5K"«(fu:o)" iEfe -« #\Am>!: aj|i}"H m«j al'iJg- fifo full 



FrFO EMPTY tl3X.ll -? §-<ifl!4. 

F0'O(iS4j)?'f ^4-. ^'H^Klsaib READ FIFO ^4#.^ SHIFT/LOAD m« 

*>1^, .55j|o|.:/|f:{r>2)fe READFIFOl- *I4«>^1 #11. '4«- FTFfXlSgg-lB^^).^-! 'iSe! I-?- m« ^:«| «ll 

SmFTig^SiL^ "ft 

:i t;|.#, .^^*'i'^KlS2)fc -^l^^- M s?. s| .if S SHIFIVLOAD ^i*! ¥ t»l.aL WRITE DPSRAM 

n^m^ oi^n^^ ^^y^^mim^M. ^se^^ji ^^^^ ^ tin ^\mm. #ik>« 

mHsielv sifK €4 4'->1ll i-^H s|^«l^Bi<lS6j)MAtK:1 5i|4fe^i^- >sBi{ 156,)^ H 

H A|«l|fo| ^-iMM A}.«i fl §-tHI i5ixj,^,Blfl56,,).mif is| ^llol &lsMU^*i.i^(FlFOa.54,,)m^iil9| 

^.a- i^sH -S-^l-t '.^^AIC!^. 

<i32)fe giM-^i m ^mm -^^ ^m:ii'u^ mnoi^mzm *4^4. 

^t-vm- t5s|s|*i:c^.(|4D)a^ -ra::-;:;- ".§.«p^t .^;<iU80)(Sl5)?|- FUCtl ^ 

s^^(1.90pa- FIF0(3 94^)54 o|Sv,i^MV*lt7| (ID) Mt€4- #0], 

24-*m«|-€(74rv4,,)4 -^^II^H DPSRAM(100)S^I ^ '^^l^* 



DPSRAMCIOO^^J] 41:^1 *>|H.si.:ii|| ;*t1l«|-:il. cf|| DPSRAM<100)-*-st¥fi^ -^I^^k*. <-'ie|sH, 4 

<>)7\m2)y} ^'>m «§#-4 ^oi«L2KJ(74p«] 3^^<ieoj)«^ -mM ^ 

i:||-^l«?|<^VsH- FfBX194j)& ^ol'^t" Site ^^^h 

1D# :^|'a-©Ka <>m.i!i|:^.» s:i-o| S^^5H!(74^)~& r?:..(19Bj>-i- ^-g-^*! FiFO( 1 S^H p<>| 

IDl- t e:|4'>1> FlF{X:l<M,)fe «^-tl(202j)# ^#^<^ >4'>KS.«-Hd('?4|)i?- .H?;^-«i READY WRITE FIFO 'd 

» te, 4^i(2041)i- 't-fl-#^ CLOCK <*m^!l^s5Sl) FIFO FULL «!■ ^^Kmj,) 

^« .'•l^efca eKI<2!.0i)# ^4^-«H ^<i?H FIFO empty -hl-t,!- .y^^^x^, v^A^). .FTF(.Xi94j)te «|A<212)1' m 

4. 4<->iHeHI 3s|m(80)(3;^5).:4 PUCt! :?F9-. »^^ :^^ri9S,, 200,. ll 2t4j)4 eH!(20S<. 204,. 206,. 208:, iJ 2105)# 

sip^i^'xxiKiyojife «iA(sof>,)i- ¥imimi)M.^'n m ^^s^ oiaei^^ i^ti^i-^sx, '>i.&2i^ n 

0^-42 16)1- DFSRAMdOO);?! -ElMdOSsCSaSjo]! o|mi;|al s|l f-#B|, !:>| ^..(2 18)1 -^^l ll-^*! -*|<>l ;'i(l92)o|| ID 
■i- sll##«:t. SS.f^. i;|;<l^^EH:!.9Ss)-Jr ^>i-^|or-^i M-Jl^^lfcr ^^M> *>i«a|.^VlO :M220;)« ^JFf;-*M ^Jli ^Ic^.iC^Kifta^- 
SHIFiytOAD t i»l-^'|H.eHi ^|m(S0){3£ S)^l-PUC^i Hl^;^i2 i6>fc er-?-«i e-M^.^^i- t* 

FIFO EMPTY ^IJ: II tibial WRITE/READ FIFO^I- SHIFmOAD tF^l" -^l^l^a rll f ©t xli^- 

«>-b j;^=«i-'->L ^«i^i(i92)-b i?l^i(224)«- :i*«i*>l DPSRAMCioo)<H.5).6| a£.syioa).m.5f«i il€ fHoit^m- 

eKi{22e)'8-«5 READ 0PSRAM M-*>H. «»1 tlJt# ig.m(106H ^^•''IfM, nMBO)m^>)yl 

-^^M, FIFO<IS4;)fe FiFO!:1 HF-fc ^^1 »lAr*)<^l ilf SH .'it^^i Sf^ixl FIFO 

FULL 1 T*€^--K ^t, FIPO(l94 jHs fFSy t «^ K. >vfk:. « ) JsMI FIFO FULLi?! 1-^^ ,;| »IF& ?a-i|£*1 Ki'iiil 

•?-#A| FIFO?} oiv.:ve|. t FIFOFIJLL^^ Sl-^l e|»t# i£ -^"f- 

mm. 

FiF0(194j)'4 t i5|«]4^eHK741)<>= t-l !-|l«lF! i ^jeltl ■^•1'4 

FIFO *f ^W^^L FIF04 '•>11{--«|:?'xl ,Ui,'^#c|-, 54 t^'i ?i'->ilA| ?4:4 #0]. i^l-o1.Jss|-<!(74s)^^- Alfi.:-, 

^ FiF07} 3t^^ mm m i «>>y^ m&mmj}-^ m^^. 



tSii FIFO EMF^TY -^f -^KH-}. FIFa:i94j)fc ^^I'^HH H]-i.tAS| <H«si.,::;i.|& l^v FIFO 

EMFFYiS] M.^ ^ill-i- SW-.<*| el^st -r*-^!?!:*!, FiFO.:-|- JL«M ^^-f-. FIFOEMPTYS*! M.n 

FIF(:Ki94;)?l -f ^H '•>PvJsll ^4. ^*l<^'F:'](l92)v; WRiTE/READ FIFO -^l^l ?F?i it^?! a|>i.<il 
SBIFT/LOAD tlitir JtH i^i^iS. -r-tAj FiFa<>iAi s|-|:^^^^l(1i56j)sil -^f!*! »i.ma| :-^^s| fDl- Jl^vl fi-'::}. 

*1«H W«l FiFO# y$^m^h 

a cl-^, .^o|7|<i92>fe A|KH i-L^ 88 1.^ SHIFT/LOAD ^^^1 READ DPSRAM ^-^^aH, sl-^l^^ 

m\9Q^"imj^~^m ^^M^^^m »Mi(216, gI8)t^l iH^m^^r ^7||<i«|oj:!, X|HH.Al5'|j?. «|>;(224)# 

**l<^a(212y#«ll WRtFE/READ FIFO W^^. 4 FIFO<194^"394„)"^ f|| 

^m^olol.^. 24-^lH«^-tK74.~74..^)ft READ/WKiTE FIFO ^l^l- gl^-'l H^^^ 

■^^H Mm.B. i^tH, «i*!?^HlS2)fe ^xj^«^(9165)i&-¥'^i »1^{2i6,2i8>««^ ml- 44 a)hH 

f^7| DPSRAM-i- «i;-Si(224)« DPSRAM( 100)^*1 «|-f- ^Sxf jt^it::! !41o|i;|# ?A|.-?b,(2ia) 

.?i?.Jf £| fDl- SUr':*. -tcl-g-flM., 5*i:'>|?|( 192)4- vlhijK. eHKaOB;)-^*!] WRrFE/READ FIFO yj:! ■?-f-Al?]:iL 

<212)t*l T=^:?%i ei^>|iV|;4 IDl ■rl^-]?5c}, 0>^:;- FIFO{194j).'i^¥-Bi ID'>I 7! «IS;:'>i FIF0(1S4,)?::- ID-I?- 

•WRiTB/READ FIFO -JlJu^^?! ##&H J*l;^:^(2:}2)iiL¥-J5| i;!i«>lB|ir siS;=.fr4- *^*lv^:^(2:l2)--^H IDi^- :vUDlH ^Sf-#:-<l 
n^<^ vf»ixS FlFO(1042-:lM«)fe n<>m^ ^.^^^-^ #^4. a x^^, 4^1(74, tl?] 4-<?K202j)-t<^] 

HEM>/WHiTE FIFO -^!.t,ll '^^I-^jX ^^1 .'^421.45)« >5:l-fr-4<*l ':fl»|BHi|- -^l^tk:!-, s-ifh 31 ^B,B. -'^M W fvo} 

ID^ ^^^x^SL lA^n^^ trK C|>g. ^SLM, ^<^:4(l92)fc ID« tH«Mi -^-^ «I=?}(20B^)-^ 

«l! WRrrE/READFfFO-ti:&'?r€ r-i-M t S^-l-. •^>i^:r X?ioF:.1{192)&l Hl-^ # 4p|-S|'<a1 ID* F1F0( 194.-1 94,^)«| M 

ss4-. S: -Ff- oIx^aF WRrrE/READ FTFO t!:s;-^~ -i tli^^'SPM $.1:^, «|:-^{212)4Ni ID^F FlFOf;i941)S| IDII- t 
■^l4-b FiFO(194,)(l?-€ '^4-M4 4-# FIFO? iS4g---194,,);£) »|2a<2i2)i;|-^i el{<>]e|-i- SSlf-t :<|4-. *! v%<Hn 

(i<m&\ ^i7-i4'^i ^i^i tistii- iMfAj^cm, 

-?-fi«^( AiHjs. A|.o|# ei4.-:'-xFi{I96:^HLJfB| ILH* «F^<;{2].6.21«)#-« H;. ^^Ft^^!*! ^i|<H::la92jfe 

F^FOCl 94 S^si<-^ l-i-lfi Df>SKAMM00)5| ?iFslEl|| 4tiFE, »!iel"1(].92)-^:r WRfrE/READ 

FiFO ti J^-i- i^lhiS?. -^I^aI?!:.! »i.;-^:^(23 2)->|-<'!] ^^-JrW ^|«F4^- ID* -F-i-AJtl^. IDfc FIF<Xi94;;)J:. ¥-el ].D^>lH. 
FIFCX 1 943)4-101 «|si;{212)H^#6^ £^<>m# .<il!£?|K|, «]=i^<2l2)-t^?l IDte *11 IDs^l- x^F§-#.xi «|7| b| 

uh>5;^> FiF04.94j H ]94a~194.^)te ;;11«i&MI isLH*:^! fife 4. «l 2^(21. 2>t5>| IDfc ::i iDiSl- £il##4 #^1 
M.v^|:x| FIFO(l94, f| i943--I94,^)te rx 4^, ^4-<»l 4^!(743)^& "I READ/WRITE FIFO -t! 



~ 19 - 



^1 'Hn Wilts', »-fA(2i4,)ll tl?l .Sf4>ti:-K T €^ MHi^i- ^!-"||| 
-^;feK:l(196vj)-*| A| JsjlS^Ui. t4w|;<ISi #^l#s:t. 

# "^Sf-il^sl 54-?^ ^^\}<'^ ^-ylCBSO)*^ ??-?t^v->i4. v4.o|«i^o| 4i-^>»(23D.)^ 

iiNUso)- '^I'i^-i;- ^r-.?B^-l ^^''^iHiiit! vsi .^acsoa -y; Bfs>>e i^.^lsh- -^ij^^isl ^u^^l il^i rf'c;) -a- 

^:^{?S)>4 YI-4&I4. -x^t >K-*: H1| *1 &| «i ?■ ^^1 '■'I ii]-tK?45--71,):^5! x 

mm. -m ^om^n ^^m^tw mm-m- ^ m 

t^l-3J^«l4. 4«iH.si-<>i ¥ :i{<^ 34<^l^£«l-€ nsim ?l»Hfe y^^l ■54<^lHeHl 

§1^1 ii^g <i^#^i5^ ^ t'l-i- «#t 1^ m-. # t'l^i ^^N## '^•ti^^fe ^mn mA%i 

157) ■ ^11 ?! 

t#^-l<>l Sl-a,^?H, 
^^^^ 



- 2:1 - 



i ^L^. 4 s ¥ o| i;^ f . , 



#71 « ^512 11-51 SJ^ t^L 

71. 

M. #7l t|.^E^.*|oiH. s#^>!He}tl.ft..«i-¥-J?^i #7l ^H'*! 1^^111- #?l .^12 jLRsi-.K^.*! ##7|-^^fi ^|t>m.f4€ 

*|S|7l# ^i^^i^ ^^.&l-o\om~m^'^<il -m-^^ .54«lH2l-<?i ?1-#7|. 

#;^i tl«|~sll»i^ii 7^iii7|fe #7| #7i s^ii ss» #^ #71 # vIo|e|« jitma^s.-^ W yWn^. 

^n^-f - 11. 
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12, 

t 9«l SU'H Ai. 
IS. 

14. 

.^7] <>i^*f-.v|o|£.| y^^^^i si-i^j?i-o|c>jH. .^»iHsi<yi ^?]si^^oi.^, «i t.a|--,^o|^t H^yi nn^ nm^'Q 

•W-4 -r i^* -4-l':*l, 

.^7l .*ie|7K si-v-l^Ho|:e. 4«iHe}ti. 4^^lH.eKl vj; .tsj|...!|o|tj:S .^.7] #4 -^^^ 

16. 
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#71 ii^f-^ioiEi #,H.s|-o|.>|H ^*<>ia^.e|-?l i:||o|svl~#®t mn 44-^ 

^lajf^i f-ll-^l^^^l 'in ^ii^7l 4»iHet-?!, 4«lH.ef?l sjfe #¥';h-Ki) 

^-F-t 18, 

mm 31 m nm^ ^##1- ^t-m^^, n-^i "iAixiii^-ei tuoism 

-^^^ 19. 
II f-^ I'M m^, 



21, 

^7] f$o\^7\^n n-^S^^\o\s. .54'>1,*S.g!<?l-g: m">f. -^7] -t^i -SIH-^^I^IH, 5^|oliSi^|.oU>|| 

22, 

^mm^ ^^^^ mn:sk 

7}^7\. 

23. 

-t7i *m»f;H #-71 i;|o|tyM| v^|Ai^||. t^^*|.:a,, -t?! ''fl^l-^i-t ■^•^1 ^l-^N-i^^. 7llir#,« >^«| il^i 



■1^^7| ».ii;.-|Am. <5.s.a^. 



26. 



27 



29, 

•1^ -f t 254 
30. 

m mm ^m^^i mm m^r^^ mB.n<iii 

-^?| K|«.aio|o]?s si-si^- f!-el?^-«- n^^il- -^-^^f 

te- 5!* 1 <> Ji. ^1 It'll 

fe- # 3#^lHe}t! 

.^71 ^eixife i$^t ^-^^i m^m sL-L'^stm^ m m t M^^fs^.^ ^i-i? # m ^-^ 

j^Nr 4*1 iii^f'Jl 

33. 

lif t!- 324 Sl-i^i 



^^■t 34. 



4T;C<4*h>|«--5Jfot.S£s|.»l ^|g?.A.- ufEi-MI^- -t^lSi^t- 

■A. 

^7] -4.9] ^e!;4te .^y) ^^^i^ ^=S<?..% ^fome^'?! 

38. 

:^lc -^-ig ^-b 4^lS.i;|-'J! 7|-#7], 

39, 



#71 is|-«|s?tt! 
^-f % 40. 

'Jl .if^55|o| ^«|- #Ell« 4^s§«^ir ^4 ^4^^ ^sf ^Hj^-fe ^^oii^vJl- 

3g.?^-.«1>fe 

m m^. n<Hvm m ^-^^ m» -M^fe ^i-^ <t.§i t^n. 

^-f# 42. 
43. 

x|-7| tJ||o]g^.i v^H^eH iiS.^^SH:;- ^% 
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45. 

%^ n^-t 46. 

^7] 42 ^^^eimim ^^y] #i> s«*>m« m tiHsi-oHH 34o|«£4«io,K s?i#T5mi||fe Ei -j^H^fe -^^ 
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50. 

^ 51. 

-^71 ^^c^l&ll- .SLf-^lfe ^^tieR; ^ i^y\ ^^mw f-t#e -^^^l^l- 

,31, 



^7] !-8c>1iS!S!l ^-3^x^11 #^); ^ 

54, 

-f:7| 4H-?1x!l ^1-7! !;i=->lt>M| ^^-^fe t^ilAjXIS ^J-f ^ ^}7] ^r^^m ^.^] ^^^lilK 

56, 

3£ t»|-fe 

57. 

t-«f ^gi> M. sf ^r til. 
58. 
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t''^m<^) ^^Ki "k^m ^i- w^sl^. ^m. 

59. 

^y] m m m^>\B\ s£M% mm^>i ■■'i-n ■4H4<>i<>lH"#<-'IH4<d .Skat ^-^^MI-iE---r^! ?^i^<>|s|lt^;s^^:; 
^ % 62. 

^"t^"^ 64. 

■t^'i 3i m ;s€i- tts5i--fe ^l^-fe, •■^-v'l ^ii ^ m no\m H.^* -^M ^B,-^^ x^c^mm, ^^<iM 
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